Purpose To determine the relationship between resistance to chemotherapy and microRNAs (miRNAs) expression in esophageal cancer, we focused on miRNAs 25 known to be related to maintenance of stem cell function.
Translational Relevance

55
In this study, we examined the expression of several miRNAs known to regulate stem cell function in formalin-fixed paraffin-embedded tissues from patients with esophageal cancer who received preoperative chemotherapy followed by surgery. The results showed that overexpression of miR-200c was closely associated with poor response to preoperative chemotherapy and poor prognosis, and in the in vitro study, 60 we found that miR-200c directly targeted PPP2R1B, and resulted in activation of Akt signaling. The results suggested that miR-200c is a potentially useful predictor of chemosensitivity in patients with esophageal cancer.
Introduction
65
Esophageal cancer is the eighth most common incident cancer and sixth most common cause of cancer death (1) . Surgery is regarded as standard management for esophageal cancer, but the prognosis of patients who receive only surgery is poor with a 5-year survival rate ranging from 15% to 39% (2, 3) . To improve survival of patients with 70 esophageal cancer, multimodal treatment, including chemotherapy plus surgery and chemoradiotherapy plus surgery have been developed. In fact, some clinical trials showed that these multimodal therapies prolonged survival of esophageal cancer patients (4, 5) . The most commonly used chemotherapeutic regimen in esophageal cancers is cisplatin-based chemotherapy, such as combination chemotherapy of 75 cisplatin and 5-fluorouracil (5-FU). However, the reported response rate to chemotherapy including cisplatin is only 19-40% (3, 6) , and about half of the patients do not achieve good response to chemotherapy. Thus, chemoresistance is a major obstacle in the treatment of esophageal cancers. A better understanding of the mechanism of chemoresistance in esophageal cancer is needed to improve prognosis. Recent studies showed that some miRNAs (e.g., let-7, miR-134, miR-296, miR-302, miR-367, and miR-470) are involved in the regulation of stem cell function such as self-renewal, pluripotency and differentiation (9, 10) . MiR-145 directly regulates the reprogramming factors (OCT4, SOX2 and KLF4) and inhibits human ES cell 90 self-renewal, represses the expression of pluripotency genes (11) , while miR-203 directly represses the expression of p63, which is an essential regulator of stem cell maintenance in epithelial tissues (12) . On the other hand, the "cancer stem cells initiation of chemotherapy in breast cancer and reduced let-7 expression in these tumor initiating cells, which helped maintain the undifferentiated status and proliferative potential (13) . CSCs cells are considered responsible for resistance to anticancer treatment such as chemotherapy and radiotherapy (14) .
The main hypothesis of the present study was that miRNAs that regulate stem 105 cell function are involved in resistance to chemotherapy in esophageal cancer. To test the hypothesis, we examined the expression levels of several miRNAs considered to be involved in the maintenance of stem cell function, such as let-7 family, miR-145, miR-200c, miR-21, miR-296, miR-155 miR-134 and miR-296, and analyzed their by continuous intravenous infusion on day 1 through day 7. Two courses of chemotherapy were used, separated by a 4-week interval. All patients were staged pre-125 primary tumor represented disappearance of the tumor on CT scan and/or PET scan and endoscopy. A partial response (PR) was defined as more than 50% reduction in primary tumor size and lymph node metastasis, as confirmed by CT scan. Progressive disease (PD) was defined as more than 25% increase in the primary tumor or the 140 appearance of new lesions. Cases that did not meet the criteria of PR or PD were defined as no change (NC).
After fixation in 10% buffered formalin, the surgical specimens of primary tumors were cut into 5-mm slices. All sliced tissues were embedded in paraffin, cut into 4 μm-thick sections, and then stained with hematoxylin and eosin. The extent of 
RNA isolation from formalin-fixed/paraffin-embedded and fresh frozen samples
Portions of esophageal cancer tissue samples were frozen in liquid nitrogen 155 immediately after surgery and stored at -80ºC and the remaining tissues were routinely fixed in 10% formalin and embedded in paraffin wax. Total RNA was isolated from the formalin-fixed and paraffin-embedded (FFPE) samples using the Total RNA from fresh frozen samples was isolated by using Trizol reagent (Invitrogen). Total RNA from fresh frozen samples was isolated by using Trizol 170 reagent (Invitrogen). Briefly, 100 mg of frozen tissue sample was homogenized in 1.0 mL of Trizol reagent and incubated for 5 min at room temperature. Each sample was treated with 0.2 ml of chloroform and after incubation at room temperature for 3 min, centrifuged at 12,000 x g for 15 min at 4ºC. Following centrifugation, the colorless supernatant was transferred to a fresh tube and 0.5 ml of isopropyl alcohol was added 175 before incubation at room temperature for 10 min. After centrifugation at 12,000 x g for 10 min at 4ºC, the supernatant was removed and the pellet was washed by 75% ethanol and then centrifuged at 7,500 x g for 5 min at 4ºC. The RNA pellet was dried and dissolved in RNase-free water. The RNA concentration was quantified using NanoDrop ND-1000 Spectrophotometer (Thermo Fisher Scientific Inc.).
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To evaluate the quality of the RNA extracted from FFPE samples, we compared the expression levels of miRNAs in these samples to the RNAs extracted from Figure 1) . These results validated the use of FFPE samples in our study for examination of the miRNA expression.
Quantitative real-time reverse transcription-PCR
190
The complementary DNA (cDNA) was synthesized from 10 ng of total RNA using the 
Establishment of cisplatin-resistant cell lines
A cisplatin-resistant cell line (TE8-R) was developed by a stepwise increment of cisplatin concentration as follows. The initial concentration of cisplatin was 2 μM and after 3 days, the cells were passaged into a cisplatin-free medium. Upon reaching confluence, the cells were treated with higher concentration of cisplatin (1.5-2.0 fold). 215 The dose of cisplatin was gradually escalated every few passages, up to a concentration of 35 μM over a period of 2 months. The cisplatin-resistant subline (TE8-R) was 5.8-fold more resistant to cisplatin than the parent cell line (TE8-P). The IC 50 values for TE8-P and TE8-R were 8.33 and 48.19 μM, respectively. detected for each sample. Cytogram analysis was performed using the Cell Quest software and unstained cells were classified as "live"; cells stained for Annexin V only were "early apoptotic"; cells stained for both Annexin V and propidium iodide were "late apoptotic"; and cells stained for propidium iodide only were "dead" cells.
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MiRNA target prediction
The analysis of miR-200c predicted targets was determined using the algorithms (34) and renal clear cell carcinoma (35) . Thus, the impact of miR-200c expression on the progression and prognosis of patients with malignancies seems to vary according to human cancer type, histopathological type (36) and stage of cancer (37) . 410 The present study also showed that the effect of miR-200c on the development of chemoresistance is mediated through the Akt pathway. Akt, a serine/threonine kinase, plays a pivotal role in oncogenesis, and its altered expression is observed in various human cancers. Akt is also involved in resistance to chemotherapeutic agents and to radiotherapy in various cancers (38, 39) . In our previous study, we reported an 
Results
Overexpression
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Overexpression of miR-200c-induced chemoresistance is mediated through Akt
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